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USE OF FIBROBLAST GROWTH FACTORS TO STIMULATE BONE GROWTH 

Background of the Invention 

10 

Field of the Invention 

The present invention relates to the use of fibroblast growth factors as 
therapeutic agents for the prevention and treatment of pathological conditions 
1 5 involving bone tissue, for example, osteoporosis, Paget's disease, 

osteopetrosis, and periodontal disease and fracture repair, and healing of 
bone defects. 



20 Background of the Invention 

Living bone tissue is continuously being replenished by the processes 
of resorption and deposition of bone matrix and minerals. This temporally and 
spatially coupled process, termed bone remodeling, is accomplished largely 

25 by two cell populations, the osteoclasts and osteoblasts. The remodeling 

process is initiated when osteoclasts are recruited from the bone marrow or the 
circulation to the bone surface and remove a disk-shaped packet of bone. The 
bone matrix and mineral is subsequently replaced by a team of osteoblasts 
recruited to the resorbed bone surface from the bone marrow. Among the 

30 pathological conditions associated with abnormal bone cell function is 
osteoporosis, a diseased characterized by reduced amounts of bone 
(osteopenia) and increased bone fragility. These changes can be the result of 
increased recruitment and activity of osteoclasts, often in combination with 
reduced recruitment or activity of osteoblasts. It is believed that the 

35 development of excess or deficient populations of osteoclasts or osteoblasts 
may result from a corresponding lack or excess of specific protein factors 
called cytokines. 
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Cytokines have been identified by their biological characteristics and 
their unique amino acid sequences. Each cytokine presents a unique 
spectrum of characteristics that distinguish it from other cytokines. In general 
5 the cytokines stimulate the growth and/or differentiation of specific types of ' 
cells. Some cytoines can also target cancerous cells for destruction 
Examples of cytokines include granulocyte-colony-stimulating factor (G-CSF) 
granulocyte-macrophage CSF (GM-CSF), macrophage CSF (M-CSF) 
-nter.eukin-1 beta, interleuki n -3, interleukin-6, interferon-gamma. tumor 
necrosis factor, lymphotoxin, leukemia inhibitory factor, fibroblast growth 
factors, transforming growth factor-alpha and transforming growth factor-beta. 

Many of the known cytokines stimulate or inhibit blood cells Several 

Sukl? it7t cytokines ' such as M ' CSF - transforming growth factor 

mini 7 . ' n6Cr0SlS faCt ° r> haVS b66n shown t0 sti ™'*e marrow 
mononuclear cell proliferation. Although cytokines such as interleukin-1 (IL-1) 

Z^flT (TNF) ^ interteUkin - 6 ( ' L - 6) ™* influen <* °~t 
format on and differentiation (Mundy (1990) Trends Endo. Metab. 1- 307-311) 

these factors are not specific osteoclast growth regulatory factors. ~" 

Although there is much information available on the factors that 

l^ZZ T br6akd0Wn ^ r6S0rPti0n ° f b ° ne ' in,0rmation is more ™« on 
factors that can actually stimulate the formation of new bone. Bone itself 

contains factors that have the capacity for stimulating the growth and/or 

drfferent,at,on of bone cells. Thus, extracts of bone tissue contain not only 

boneT TIT* ^ reSPOnS,b,e f ° r maint3inin 9 thS Structural -tegrity of 
bone but also biologically active bone growth factors that stimulate bone cells 

to prohferate. Among the growth factors found in bone that are known to 

stimulate proliferation of bone cells are transforming growth factor 0 the 

-nsu ferHto growth factors (insu.in-.ike growth factor I and insulin-like growth 

factor II), basic fibroblast growth factor (bFGF) and bone morphogenetic 

proteins (BMPs). These factors also cause proliferation of non-bone cel. types. 

The fibroblast growth factor (FGF) family is comprised of at least 9 

FG^p^L 6< !f )r0,einS (FGFS 1 ' 9) ' Wh0Se best known meml *rs are acidic 
FGF (aFGF; FGF-1) and basic FGF (bFGF; FGF-2). Members of this family 

stimulate mrtogenesis in most cells derived from the mesoderm and 
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neuroectoderm and influence other biological processes, including 
angiogenesis, neurite extension, neuronal survival, and myoblast 
differentiation. In general, FGFs have a high affinity for heparin (prior to 
resolution of their nomenclature, some FGFs were referred to as heparin- 
> binding growth factors -1 , -2, etc.), and many, but not all, are mitogens for 
fibroblasts. The members of the FGF family possess roughly 25-55% amino 
acd sequence identity within a core sequence and some FGFs possess 
significant extensions, either C-terminal, N-terminal, or both, outside of this 
core sequence. This structural homology suggests that the 9 different genes 
encoding known FGFs may be derived from a common, ancestral gene. 

In addition to the 9 known members of the FGF family, additional 
complexity results from the generation of several molecular forms of FGF from 
a single gene. For example, the primary translation product of aFGF (FGF-1) 
consists of 155 residues. However, the longest form of FGF-1 found in a 
natural source (e.g., bovine brain) consists of 154 residues. This 154 residue 
form of FGF-1 lacks the NH2-terminal methionine of the 155 residue form and 
has an acetylated amino terminus. Proteolytic processing in vivo or during 
purification generates smaller active forms of FGF-1 in which either the amino- 
termma. 15 (des 1-15) or 21 (des 1-21) amino acids are deleted. As defined 
herem FGF-1 refers to the 154 residue form of FGF-1 and shorter, biologically 

til" 6 ' SUCh 35 thS ab ° Ve deSCribed forms deleted °< the amino- 

terminal 15 (des 1-15) or 21 (des 1-21) amino acids. Historically, the 154 

residue form of FGF-1 was termed 3-endothelial cell growth factor (3-ECGF) 
the des 1-15 form was termed aFGF, and the des 1-21 form was termed a- 
ECGF. Prior to standardization of the terminology for this group of growth 
factors, several additional terms were also applied to the same protein 
including eye derived growth factor and heparin binding growth factor i 
S.m,lar forms of bFGF (FGF-2) have also been described. In addition to' 
cleaved forms, extended forms of bFGF have also been described, resulting 
from initiation of translation at several different GTG codons located upstream 
of the ATG translation initiation codon which generates the 155 residue form of 
bFGF. All of these alternative forms of the FGFs contain the core region of 
structural homology which defines the FGF family. 
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Reported Devalrtpm nfc 

An osteogenic role for bFGF was suggested based on in vitro studies 
(Hauschka et al., J. Biol. Chem 261:12665-12674, 1986; Globus et al., 

5 Endocrinology 123:98-105, 1988; Canalis et al., J. Clin. Invest. 81:1572-1577, 
1988; McCarthy et al., Endocrinology 125:21 18-2126, 1989; Noff et al., FEBS 
Lett., 250:619-621, 1989). However, there has been only one report of in vivo 
administration of bFGF (Mayahara et al., Growth Factors 9:73-80, 1993). 
Intravenous administration of human bFGF to rats demonstrated only 

0 endosteal new bone formation. No increase in periosteal bone formation was 
evidenced. Similar systemic osteogenic potential was seen after intravenous 
administration of human aFGF. 



Summary of the Invention 



The present invention a method for treating patients suffering 
from pathological conditions in which bone mass is inadequate or in repairing 
defects in bone or dental tissue comprising the administration thereto of 
pharmaceutical compositions comprising certain fibroblast growth factors in ar 
amount which stimulates the proliferation and/or differentiation of osteoblasts 
and/ or precursors to promote bone anabolism. Preferably the FGFs are 
applied locally to stimulate periosteal bone formation. Alternatively, systemic 
application of FGF-1 is preferable for promotion of endosteal bone formation. 
The fibroblast growth factors preferred in the practice of the present invention 
are FGF-1 and FGF-2, and, most preferably, full-length FGF-1 (ECGF p) and 
FGFdes 1-21 (ECGFa). 



Other and further objects, features and advantages will be apparent 
from the following description of the preferred embodiments of the invention 
given for the purpose of disclosure when taken in conjunction with the 
following drawings. 



35 



Brief Description of the Figures 
Figure 1 is a photomicrograph demonstrating new bone growth in the 
calvaria of the nude mouse adjacent to WISH tumor cells. 
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Figure 2 is a photomicrograph demonstrating new periosteal bone 
growth in the mouse calvaria after administration of acidic FGF (panel A) and 
basic FGF (panel B). 

Figure 3 demonstrates the effects of acidic and basic FGF on calvaria 
5 bone growth. 

Figure 4 demonstrates the time response of bone growth to aFGF 
Figure 5 demonstrates the time response of aFGF on periosteum 
proliferation and osteoblast differentiation to aFGF. 

1 n ^ R9Ure 6 demonstrates tne d °se response of the effects of aFGF and 
i o bFGF on bone formation of the calvaria. 

Figure 7 demonstrates the effects of daily administration of aFGF on 
tibial bone loss in ovariectomized rats. 

Figure 8 demonstrates the effects of daily administration of aFGF on 
vertebral bone density in ovariectomized rats. 
5 Figure 9 demonstrates the levels of serum fluoride following 

methoxyflurane administration. 

Figure 10 demonstrates the effects of cyclic administration of aFGF on 
bone density in rats. 

Figure 1 1 demonstrates the effects of aFGF on bone mass in 
) ovariectomized rats. 



Description nf the PrefprraH c m boriimgntc 

A preferred aspect of the present invention provides a method for 
stimulating bone formation, preferably, periosteal bone formation, useful in 
treatment of pathological conditions in which bone mass is inadequate or in 
repairing defects in bone and dental tissue. In one embodiment the present 
method and compositions are particularly useful in enhancing periostea, bone 
formats following local application to promote a net increase in cortical bone 
The invention encompasses the use of naturally occurring fibroblast growth 
factors in partially purified, as well as substantially homogeneous, form, as well 
as synthetically or recombinantly produced fibroblast growth factors 
b.olog.cally active fragments thereof, and pharmaceutical^ acceptable salts 
and derivatives thereof. 
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Definitions: 

"Substantially purified" is used herein as Substantially homogeneous" 
which is defined as a proteinaceous material which is substantially free of 
5 compounds normally associated with it in its natural state (e.g., other proteins 
or peptides, carbohydrates, lipids). Most preferably, it means a polypeptide, 
which may be glycosylated or non-glycosylated, which is characterized by a 
single molecular weight and/or multiple set of molecular weights, 
chromatographic response and elution profiles, amino acid composition and 
1 0 sequence and biological activity. "Substantially purified" is not meant to 

exclude artificial or synthetic mixtures with other compounds. The term is also 
not meant to exclude the presence of impurities which do not interfere with 
biological activity, and which may be present, for example, due to incomplete 
purification or compounding with a pharmaceutical^ acceptable preparation. 

15 

The term "animal" includes, but is not limited to, mammals, such as 
dogs, cats, horses, cows, pigs, rates, mice, simians, and humans. 

The term "biologically active polypeptide" means naturally occurring 
20 polypeptide per se, as well as biologically active analogues thereof, including 
synthetically produced polypeptides and analogues thereof, as well as natural 
and pharmaceutical^ acceptable salts and pharmaceutical^ acceptable 
derivatives thereof. 

25 The term biologically active polypeptide also encompasses biologically 

active fragments thereof, as well as biologically active sequence analogues 
thereof. Different forms may exist in nature. These variations may be 
characterized by differences in the nucleotide sequence of the structural gene 
coding for proteins of identical biological function. 

30 

The term "biologically active sequence analogue" includes naturally and 
non-naturally occurring analogues having single or multiple amino acid 
substitutions, deletions, additions, or replacements. All such allelic variations, 
modifications, and analogues resulting in derivatives which retain one or more 
35 of the native biologically active properties are included within the scope of this 
invention. 
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The term "FGF-r encompasses the 154 residue form of FGF-1 acidic 
growth factors (also known as ECGF p), the des 1-15 form and the des 1-21 
form (also known as ECGF a). FGF-1 may be prepared by methods known in 
the art. Preferably, the FGF-1 used in the present invention is prepared by 
recombinant technology, such as disclosed in U.S. Patent No. 4,868,113, 
which patent is incorporated herein by reference. 

To purify the polypeptides useful in practicing the present invention 
either from natural sources or after recombinant production, chromatographic 
procedures may be carried out, for example in a narrow bore column 
containing a fine particle resin under increased pressure to enhance the 
effectiveness of separation, i.e., by high pressure liquid chromatography. 

Concentration and salt removal are commonly used steps in certain 
chromatographic or separation techniques employed in the invention. 

Salt removal is generally necessary if ion exchange or other techniques 
which depend on ionic strength are employed. Salt removal may be 
performed by, for example, dialysis or gel filtration or by control pore glass 
20 (CPG) chromatography. 

A number of gel filtration and concentration techniques are also used 
Certain commercially available materials are especially useful. Sephacryl 
Sephadex, and Bio-Gel are examples of gel filtration media commonly used to 
25 .solate and purify proteins and characterize their physical properties. 

The invention encompasses methods of using fibroblast growth factors 
preferably FGF-1, bFGF and new forms of basic FGF isolated from WISH cells, 
in treatment of bone diseases associated with reduced skeletal mass or 
defective or deficient bone formation. Acidic FGF and basic FGF stimulate the 
growth of human cells with the osteoblast phenotype and their precursors. In 
one embodiment, the present invention provides a method for the treatment of 
human and animal disorders characterized by an abnormally reduced level of 
osteoblastic cell proliferation. 



30 



35 



Administration of the fibroblast growth factors to effect the therapeutic 
objectives of the present invention may be by local, parenteral, intravenous. 
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25 



30 



35 



IdZ h SUb f ane0US ' rectal or a "V oth r suitable means. The dosage 

IT ! ? ^ ^ d8Pendent UP ° n the a ^ wei 9 ht - of concurrent 
treatment, ,f any, and nature of the bone pathology being treated. 

5 - The therapeutic method of the present invention may be employed by 
adm.mstenng fibroblast growth factors in such forms as liquid solutions 

ZerT'l 8 ', 8 '^ ^ St6ri,e " qUid Suitab,e Carriere fluents 

aqU6 ° US med ' a and Vari0US norHoxic solvents. The 

compo S ,t.ons may be formulated in the form of powders, aqueous 

suspensions, or solutions, injectable solutions, elixirs, syrups and the like and 

may contain one or more stabilizing agents such as human serum albumin 

ugar .ncluding, but not limited to, glycosoaminog.ycans such as heparin or 

hepann fragments) or amino acid, antibacterial, and preserving agents in order 

o rov.de a pharmaceutical* acceptab.e preparation. Any inert carrier is 

preferably used, such as saline, or phosphate-buffered saline, or any such 

ZZe^T* f8Ct0rS US6d m6,h0d ° f the Pr6sent f ~ ^ 
suable solub.lrty properties. Carriers such as devitalized bone powder 

ZTrZT m@ " S6a,ant a ' S0 66 US6d t0 Practice the P^nt' 

d ete J'h k ^ the rati ° ° f active comDound *> are 

izlZ T V 3nd ChemiCal Pr ° perties of the P^einaceous 

factors, the particular mode of administration and standard pharmaceutical 

pract.ce. For parenteral administration, solutions or suspensions of these 

actors ,n aqueous alcoholic media or in sesame or peanut oil or aqueous 

solutions of the soluble pharmaceutical* acceptable sa.ts can be employed. 

The dosage regimen in carrying out the methods of this invention is that 

Tn^ZT™ ^ UntH impr ° Vement is Gained 

and thereafter the m.n.mum effective level which gives relief. Doses may vary 

depend.ng on the age, severity, body weight and other conditions of the 
pat.ents but are ordinarily in the area of about 0.1 mg/kg to about 500 mg/kg 
preferably about 1 mg/kg to about 250 mg/kg, and most preferably about 5 
mg/kg to about 100 mg/kg of body weight in injectable form; such may of 
course, be given in divided doses. With other forms of administration ' 
equ.va.ent or adjusted doses will be administered depending on the route of 
administration. 
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measurement of b,olog,cal acfivity of the fibroblast growth faotors and their use 
as therapeu c agents for the prevention and treatment of pamologTca, 



Assj 



Proliff 



Example 1 

10 ts of Fibroblast Growth F*r*«r* ^ ^trn-irrni 

Cells and nst^hi,^ Rone 

The proliferative effects of fibroblast growth factors on MG-63 human 
osteosarcoma cells and MC3T3 bone cells is assessed by measunno he 
."corporation of tritiated thymidine into cellular DNA 9 

1 5 

Culture^ 3 T ° Sarc0ma C *' ° b,ained ,ram ,he Type 

iu/o has. All cultures are maintained at -?7°r in » k ^- ^ 

5% C0 2 in air. untamed at 37 C, .n a humid.f.ed atmosphere of 



25 



30 



35 



Plates i^or S ZZT^l^lT^ h 96 

MUM of 20% PBS in DMEm" tS f r """^ <5 ° 

the test sample Ah™, ! ' " eadl pla,e in para »el «* 

hp P I to ° U ' 44 hours a,ter ,he a «ion of the sample and controls 

the ce. Is are pulsed with W well of [methy, «, thym i dln e for P 4 hours ~ 
hours, the cells are collected and rinsed on filter paper discs usino a PHD ^ 

jester (Cambridge Technology, Waterfown, 

Full! ca', S " ™ USi " 9 8 ««• 
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The proliferative activity of each sample (run in duplicate) is expressed 

? e h stimu,ation of incorporation of 3H »• «T 

tne positive control, by using the formula: 

cpm sample - com baselinp n nn»™i 

cpm positive control - cpm baseline control x 100 



10 



Example 2 
EurjfiCation of the Rinl^i^f Activity ?1 



15 



20 



25 



A - Growth nf ti jmor j n viy rt 

Human amniotic tumor cells (2x10?) were injected into the riahthind 
area adjacent to the femora, shaft of fourteen J week o 
Solid tumors wereisolated from the animals after 3-5 weeks At thta * 

zr ide r r new bone 9rowth as ~— t,me ' there 

J!2 miCS ' ^ ^ C ' 0Se,y 3dhered * *• b0 ~e and 
each of these there was evidence of new bone growth. New bone amwth 

LlCS T ' n,e0,9d subcu,a "^y over me oalvariae of 

sect.onal area of the calvanal bone was increased 96 ± 37 (S.D.) %. 



B. 



30 




35 



bearinr Z * S °' id tUmor iso,ated from **» of tumor- 

bear, mice we pulveri2ed in (iqujd nitrogen and stirrjn tu 7 40C 

HCI dH 7 o S I"*; M^rT eXtra ° ti0n ^«er containing 10 mM EDTA, 5 M T ris 
HCI pH 7.0, 1.5 M Nad. 25 mM benzidine, 1 ug/m. each of leupeptin and 

% To r z::: tt* in ioo% is °~ ~ a a n L 

4°C iZ c ♦ ' 6 eXtraCt WaS """^ at 60 °° nP m for 20 min at 
4 C. The supernatant was removed and frozen at -70°C. 
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wa « „1 T aCt, ° n ° f inS ° ,Ub,e Predpitate ,rom the ™U extraction 

Z oZrTr Same bUf,6r ^ addin9 250 m ' ° f fresh e ~ buffer to 
he pellet and st.rr.ng the mixture at 4°C for another 24 hours. After this period 

he ZtZLTT ^ 6000 ^ f ° r 20 31 4 ° C - S ~nts from ' 

It 15 onn , T aCt ' 0nS ^ C ° mbined and centrifu 9 ed * speed 
at 15.000 g for 1 hr at 4°C. The supernatant was removed, and dialyzed 

against 10 mM Tris-HCI, 0.1 M Nad, P H 7.0. Protein concentration was 
^ determined by the absorbance at 280 and 260 nm. 

A 4.8 x 30 cm column was packed with heparin Sepharose CL-6B and 
equ -brated with a buffer containing 0.1 M NaCI, 10 mM Tris-HCI, pH 7 2 

wrsht™^ 0 " } ^ aPPHed t0 thS C0,umn - was 
was ed w, h the same buffer and eiuted with a .inear gradient from 0.4-3.0 M 

NaCI. Twelve ml fractions were collected. Aliquots of each fraction were 
assayed ,n the MG-63 and MC3T3 proliferative assays described in Example 
^ Fractions conta,ning MG-63 proliferative activity eiuted at 1.5 M NaCI and 
were rechromatographed on heparin-Sepharose under the same conditions 
Fra t,ons containing MG-63 proliferative activity eiuted at 1.8 M NaCI These 
fract.ons (34-44) were pooled, adjusted to 0.05% CHAPS ((3-[( 3 - ' 

detergent] , and I dialyzed against 50 mM sodium phosphate pH 6.0, 0.05% 
CHAPS The d.alysate was chromatographed on a MonoS FPLC column in a 

CHAPS r, t0 1 f M NaC ' ,n 50 ^ S ° diUm Ph0Sph3te P H ™. 0-05% 

32Wet IZ 7 °h °' 8 ^ C0 ' ,eCted - MG " 63 P0sitive Actions (26- 
32) were pooled and .njected into a C4 or C18 HPLC column and 

chromatographed in a gradient from 7% to 63% acetonitrile in 0.1% TFA For 
biological activity measurements, 10% of the materia, was run in a C18 ' 
RPHPLC column and the fractions were collected in a neutralizing solution (24 
mM ammonium bicarbonate pH 8, 0.1% BSA, 2 ug/ml heparin and 0.01% 
CHARS) Protein eluting at 37% acetonitrile was subjected to SDS-PAGE 

8 KeenlTmT t0 3 nitr ° Ce " U,0Se ( ° 45 ^ 

4 Schuell, Keene, NH). Ammo acid sequence was obtained by automated 

Edman degradation using an Applied Biosystems Model 477A protein 

sequencer equipped with an online Model 120A PTH Analyzer. 
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The amino acid sequence of the polypeptide isolated and purified from 
the WISH cells is similar, but not identical, to the amino acid sequence of 
bFGF. The novel sequence appears to define a heretofore unknown extended 
form of basic FGF, having the additional amino acid sequence GSRPGAGT 
(SEQ ID NO: 1) extending the N-terminal end MAAGSIT (SEQ ID NO- 2) of the 
known 18 kD form of bFGF. 

Example 3 

In Vivo Assay of Fffects of Pep tides Qn Rnnp ftm^h 

The effects of the polypeptide factors on bone growth were tested in 
male ICR Swiss white mice, aged 4-6 weeks and weighing 13-26 gms using 4- 
5 mice per group. The polypeptide or a control vehicle was injected into the 
subcutaneous tissue over the right calvarium of normal mice. Among the 
polypeptides tested were the crude extract from WISH tumors containing the 
extended form of bFGF isolated as described in Example 2, basic FGF and 
FGF-1 which comprises acidic FGF. These test proteins were injected either 
alone or together with heparin. 

Unless otherwise specified, the control vehicle was PBS supplemented 
with 1% BSA. Heparin was administered at a dose of 50 units/ml. The animals 
were sacrificed on day 14 and bone growth measured by histomorphometry. 

Bone samples for quantitation were cleaned from adjacent tissues and 
fixed in 10% buffered formalin for 24-48 hours, decalcified in 14% EDTA for 1-3 
weeks, processed through graded alcohols and embedded in paraffin wax 
Three urn sections of the calvaria and femurs were prepared. Representative 
sectjons were selected for histomorphometric assessment of the effects of the 
tumors, tumor extracts or fibroblast growth factors comprising acidic or basic 
FGF on bone formation and bone resorption. Sections were measured by 
using a camera lucida attachment to directly trace the microscopic image onto 
a d.g.t.2.ng plate. Bone changes were measured on sections collected 200 urn 
apart, over 4 adjacent 1X1 mm fields on both the injected and noninjected 
sides of the calvaria. New bone was identified by its woven, rather than 
lamellar structure, and osteoclasts and osteoblasts were identified by their 
distinctive morphology. Histomorphometry software (Osteomeasure, 
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Osteometrix, Inc., Atlanta) was used to process digitizer input to determine cell 
counts and feature areas or perimeters. 

To identify whether mineralization of newly formed bone occurred 
normally, calvaria bone samples were also taken after animals were 
administered two doses of tetracycline ( 25 mg/kg i.p.). Tetracycline is 
deposited at the sites of active bone formation and functions as a timed-tissue 
marker to calculate bone formation rates and assess mineralization. These 
bone samples were fixed as described above, processed through graded 
alcohols and embedded undecalcified in a methacrylate based plastic to 
preserve the tetracycline labels. Sections were cut at five urn intervals and 
were assessed for the degree of mineralization and for tetracycline uptake 
The results of these experiments are described in Example 4. 

Example 4 

In Vivo Assay of Fffrrts of Fihrnhi^t r^ h Fartnrg An R ^ Q ^..^ 

The effects of the polypeptide factors on bone growth were tested in 
male ICR Swiss white mice, aged 4-6 weeks and weighing 13-26 gms using 4- 
5 mice per group. The polypeptide or a control vehicle is injected into the 
subcutaneous tissue over the calvarium of normal mice. Among the 
polypeptides tested were the extended bFGF isolated from WISH cells as 
described in Example 2, full length (155 residue) fibroblast growth factor-1 and 
basic FGF. These test proteins were injected either alone or together with 
25 heparin. 

In one experiment, the control vehicle was PBS supplemented with 1% 
Hepar,n was administered at a dose of 50 units/ml. Table 1 summarizes 
the results of four, when included, injections per day for 3 days of either vehicle 
alone, vehicle supplemented with heparin, 5 ug of IGF1 or IGF2, 1 ug of aFGR 
together with heparin, and crude extract from the first ("WISH crude") and 
second ("WISH partially purified") extractions of WISH cells. The animals were 
sacr.f.ced on day 14 and bone growth measured by histomorphometry. 



20 



30 



ltot^S , i2r?S Zi ^^ GF ° r herein 1he 154 acid fo ™ <* *e protein 
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Table 1 b 





PBS+BSA 
n=5 


PBS+BSA 
+nepann 
n=5 


IGF-1 
n=5 


IGR2 
S^g/inj 
n=6 


aFGF+hep 
lug/inj 
n=5 


WISH 
crude 
n=5 


WISHpp 


Max. New 
0 Bone Width 

% 


12.3±1 .8 


14.4±4.1 


19.9+2.6 


17.4+1.4 


ee i , q >ia 

oo. i±y.4 


1*3 44-1 


IO./+_l .o 


| New Bone 
(% total 
bone) 


1.8±0.5 


2.6+0.8 


3.2+0.6 


3.3+0.8 


20.3+3.5 3 


2.2+0.6 


2.9+0.7 


Osteo- 
blasts 

(% 

periosteal 
surface) 


20.7±7.0 


25.3±4.5 


20.4±2.1 


30.2±1.5 


93.0±3.5 a 


29.2+6.9 


34.3+6.9 


Osteo- 

clasts/mm 2 
Bone Area 


7.9+1 .8 


6.4±2.2 


9.7±0.9 


8.8+1.0 


10.5+2.6 


8.1+2.8 


8.5+2.0 


Area 
(% total) 


6.8+2.2 


4.5±1.7 


6.0+1.3 


6.6+1.6 


4.9+1.2 


6.4±1.3 


7.2±0.9 



10 



o.y.M.K.o... qq wiiipareu 10 roo+DOM+nepann, p<0.001 (Bonferroni t-lest) 

3 u Data expressed as mean + S.E. 

As demonstrated on Table 1, FGF-1, injected with heparin over the 
calvaria of mice, was able to induce new periosteal bone formation. In this 
experiment no other treatments produced significant new bone formation 
relative to the control. The proliferative activity of injected WISH extracts, 
administered in the absence of heparin, was probably only equivalent to 10- 
100 ng of FGF. There was no evidence of increased bone resorption in any of 
the treated groups. 



15 



20 



In order to further examine the effect of FGF's on bone growth and the 
effect of heparin on the stimulation of bone growth, 1 ug of FGF-1 or bFGF in 
the presence of absence of heparin, in a volume of 10 uJ, were administered to 
Swiss ICR white male mice aged 4-6 weeks (five for each treatment group) by 
injection over the calvaria 4 times per day for 3 days. The control vehicle was 
0. 1 % BSA in PBS. Heparin was administered at a dose of 50 units/ml. 
Demeclocycline (25mg/Kg) was given IP on days 4, 8 and 12 to calculate bone 
formation rates and assess mineralization. 



25 



The mice were sacrificed on day 14 and the posterior half of the calvaria 
was decalcified and paraffin embedded. The ant rior half of the calvaria, the 
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tibial and femoral metaphysis and lumbar vertebra were embedded 
undecalcified in plastic. Mice receiving aFGF and bFGF showed extensive 
new bone formation over the upper surface of the calvaria (Figure 2). No 
effects were detected in the femoral metaphysis or the vertebra. The new bone 
formed in the more recenty formed superficial layers. It was well mineralized 
and showed diffuse uptake of the demeclocycline labels, typical of woven 
bone. 



10 



Table 2** 



15 



20 



25 



Total Bone 
Areafmm 2 ) 



Max. 
New 
Bone 
Width 
' % on* 

26±3 



% New 

Periosteal 

Bone 



%New 

Endosteal 

Bone 



Osteo- 
blasts (% 
periosteal 
surface) 



Osteo- 

clasts/mm 2 
Bone Area 



Marrow 
Space in 
Original 
Bone 

7.1±2.1 




Mean + S.E. 



•statistically significant difference as compared to control p< 0.01 

Table 2 and Figure 3 demonstrate that both aFGF and bFGF stimulate 
the formation of new bone, increase osteoblast surface area, periosteal bone 
area and total bone area, both in the presence and absence of heparin. 
However, the increase in new bone under the calvaria (% new endosteal 
bone) effected by bFGF is inhibited by heparin (Figure 3). 

The time course of the bone changes following stimulation by 
1ug/injection of acidic FGF given with heparin was examined. The 
experimental design was as described above, except eight animals were 
injected for each time point. Four were injected with vehicle alone and four 
with FGF-1 and heparin. The mice were sacrificed on days 3, 7, 14, 21 and 36 
and bone changes measured at two levels at least 200 urn apart. 
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Table 3 



Time 
(Days) 


Total Bone 
Areafmm 2 ) 


New Bone 
Area 

% Original 


Osteoblasts 
(% periosteal 
surface) 


Prolif. Cell 
Width (nm) 


Osteo- 

clasts/mm 2 
Bone Area 














aFGF 






3 


0.85±0.04 


2.0±0.5 


45±10 


23.7±2.8 a 


18±3 


7 


1 .06±0.06 


13.2±2.9 a 


78+10 


21 .7+3.1 a 


12±3 


14 


1.16±0.03 a 


32.1±3.0 a 


92+4 a 


15.5±1.8 a 


25±6 


21 


1.40+0.07 3 


52.4+7.9 a 


90±4 a 


11.8+2.1 


22+3 


36 


1.50±0.12 a 


64.1±8.5 a 


46±16 


10.9±1.9 


10±5 














control 




3 


0.83±0.06 


0.1+0.1 


36±11 


5.7±1.5 


2Q±7 


7 


0.88±0.03 


1.8±0.4 


35+6 


11±2.1 


18±§ 


14 


0.89±0.06 


3.6+1.2 


34+13 


4.0+0.9 


17+5 


21 


0.95±0.04 


5.0+1.9 


29+6 


4.6+0.6 


7+2 


36 


1.09±0.06 


10.5±2.3 


28±7 


2.?±0.5 


15±5 



Statistically different from control, p < 0.01 



As can be seen on Table 3, FGF-1 produces a sustained stimulation of 
bone formation lasting 21 days after a three day pulse of treatment (Figure 4). 
The initial response is one of cell proliferation, with differentiation of 
osteoblasts and matrix formation occurring only after the 3 days of treatment 
0 (Figure 5). There is no evidence of enhanced osteoclast formation at any of 
the time periods examined. 



The dose response of bone changes following four times daily, 
stimulation by 0.5, 5.0, 50 and 500 ng/injection of FGF-1 or basic FGF given 
1 5 with and without heparin (50 U/ml) was also determined. Each treatment 
group comprised 4 Swiss ICR white male mice aged 4-6 weeks. Fourteen 
mice served as controls, 7 receiving vehicle alone (PBS + 0.1% BSA) and 7 
receiving vehicle and heparin. 

20 The mice were sacrificed on day 14, and the calvaria prepared as 

described above. Figure 6 demonstrates that both acidic FGF and basic FGF 
were active at the nanogram range in vivo. While bone responses were 
unchanged by heparin when administered alone, heparin enhanced the 
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efes* both aFGF and bFGF particularly on ,he non-injected side of the 

5 to™./"? 2 dem0ns,ra,es ,hat both FGF -' bFGF produced extensive 
5 format on of new woven bone on the upper periosteal surface that was rap* 

MheTk "f k FGF ^ 8 maXim ™ ™ 01 neater Z ?o£l 
« «he thrckness of the catvarium on the injected side and also induced new 
bone .orma„o„ on the underside of the calvana. Heparin increased the effect 
t n ! k . 8FGF °' bFGF lncreased ^ re *»P«°" or osteoclast 

» 2 J" V* °' 3nd d0S8 res >°" s * a FGF and hepl 
produced an .ntia. vigorous but transient fibroblastic response. Osteoblast 

prol,fera.,on was apparent from day 3 to 2,. By day 36. the osteoblast-lined 
pper penostea, surface had returned to nonna, and the most recently , ™ed 

1a responTa^ 5 T T""' ^ *~ «*• — 

io response at 50 ng/injection. 

Example 5 

I f Vivv Effect* nf Sy^mir- MminHratinn M me, j p p.. p^,,^ ,.,,, m 
20 The ovariectomy rat is accepted as an animal model of human post- 

~Z f f 68 a " anlma ' m0dal °' acu,e "o^ related to 

estrogen detoency similar to that seen in post-menopausal women female 
Sprague-Dawley rats (250gms) were either sham-operated or surgicaT 
» ovar«,om,zed. Commencing seven days after surgery, rats were 

(160uoAg 8.0.) for 28 days. All injections were performed under 
memo^urane anesthesia. Prior to termination, all rats were administered 
single doses of tetracycline and demeclocyline to assess bone formation and 
0 rmnerataauon. The tibias and lumbar vertebrae were removed, tad and 
processed, both decalcified and undecalcified, for histomorphometric 
evaluation. 



35 



Cancellous bone area (expressed as a % of tissue area) was 
quantitated on decalcifed sections of tibial metaphysis and lumbar vertebrae 
When compared with vehicle-treated ovariectomized rats, bone area in the ' 
reg.on of the secondary spongiosa of the tibia was significantly increased in 
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b^ sham-operated rats administered vehicle or aFGF and in ovariectomized 
ra .s ad m ,„,s,ered FGF-1 or estrogen (Rgure 7). Similar bu, non-sig^m 

FiZ a r r r ^ a,ea ™° <" in •» ^ ^Lr 

Figure 8)^ These data indicate that FGF-1 blocked the cancellous bone loss in 

periosteal bone formation was increased in FGF-1 treated sham-operated rats. 

Qualitative assessment of sections of the tibia and vertebrae revealed 
that daily .njecfon of aFGF Induced new woven bone formation in the 
'0 vertebrae, flbfc, diaphysis. a,d tibia, epiphysis. Evaluation of undeTa cifled 
sections revealed that aFGF produced new bone which was poorly 
mmerataed. This mineralization defect was likely a result of fluoride 

ThtrsZrlrht^ " '° »» anesthetic. 

1 s ' norease h semm " l " , "' de 0bS8rved in **** rate 

system* wTTJ?* 7™°° Skelel0n '° "** ■****«» of 
systemic FGF-1, 250 gm Sprague-Dawley rats were either sham-operated or 

>0 ^ ° Va : iea0miMd "~ adm ~ — ' ™nic,e or FGF T 
-0 commencng 2 months post-surgery. Treatment was initiated 2 months 

MM, surgery because approximately 50% of the cancellous bee „ me 
t.b,al metaphys,s is lost in response to estragen deficiency by this time Rals 
were administered dairy injections of e«her vehicle or FGF-, (o.amZdly v , 
for three days followed by 6 days vrthou. treatment. This reg men waf 
« seated 3 «mes. Rats were terminated „ day 28. Prior to term „a7on rats 
were adm.nis.ered sfcgle doses of tetracyc,™ and demeclocycline " 
emurs, and iumbar vertebrae were removed for histomorphometrica^a, 
energy X-ray absorptiometry analyses. 

) Bone mineral density (BMD), an assessment of bone mass, was 

lulTl T 3 LUnar ° EXA - BMD W9S inCreaS6d in tne ^taphysis 
lumbar vertebrae, and femur of the aFGF-treated rats compared with the 

veh.de treated group (Figure 10). These data were corroborated by increases 

ZrH"?" 3rea 38 d8termined by ^^nometic analysis in the 
toal and femoral metaphyses in the FGF-1-treated rats (Figure 11) 

Quahtative assessment revealed that cyclic systemic administration of FGF-1 
•nduced some woven bone formation in the long bone shafts but not in the 
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vertebrae or *b,al epiphysis. Evaluation of the tetracycline lab l.ing revealed 

6 f0mied " reSP ° nSe t0 aFGF Was noil y 

Serum fluonde was not elevated in these rats. These data indicate that aFGF 
an ma tain and increase bone ^ ^ g ^ ^ 

progressive osteopenia. 



Example 6 

Effects of Svstpmi. F r.c- nnminhtrntin,, in n,,, ^ 



atomized Rat 



25 



30 



35 



3 hv roH Est f iSh6d P° s ^enopausal osteoporosis is a disease characterized 
red cedT "T*" ^ *"» '° W b ° ne ~ 

months ,o,,ow,ng surgev , e|the , ^ or ( *< 

atL T Sham.opara.ed I ve^,e 

alone. AN ,„,eco„ s ^ performed un(Jer anestheste H^foL 

rats ,n each , re a,meh, group were termed after 28 dayt of^tmem ine 

s hi s m r ined an addi,ionai 28 *" ~ ' 

SZT™ ra ' e '° ,a " Ur& Fa " Ure 15 as ,he ^ <*- me Toad 

deformatton curve decrease, after achievtng martma, compressive Z% 

,i™t DE , XA am,VSlS reVealetl ,hat F<3M lrealm9nt ««sed a small but not 
28 tT ; n °T m ' nera ' denSi,y «- verte ra e"day 
meBphys,s, ,nd,cat,ng an increase in both cortical and cancellous bone 
Vertebra, cancellous bone connectMy is iikeiy , 0 be increased I uTfgf., 
treated rats a, day 28 and 56. ^ese changes wii, translate into a treTs in 
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vertebral compressive strength In the vertebrae from the FGF-1-treated rats 
These data indicate that systemic administration of FGF-1 increased both ' 
cortrca land cancellous bone mass and increases vertebral cancellous bone 

ZoToT" " ^ a " imal °' P-HttCL 



adao,»^n 6 3,1 readily apprecia,e ms " rese "« ^ntion is well 

adapted to carry ou, the objects and obtain the ends and advantages 

1 0 methoTn 86 T M *°" ' nherenl ™* ^ 

0 methods, procedures and techniques described herein are presented as 

representative of the preferred embodiments, or intended to be etmpfcrv and 

no, ,„,ended as Nations on me scope o, the present fcventt ^ 

therern and other uses will occur to those of skill In the art that are 

> 5 ST spi * of inven,ion or * - — — 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

U) APPLICANT: 

NAME: OSTEOSA, INC. 

STREET: 2040 Babcock Road, Suite 201 
CITY: San Antonio 
STATE: Texas 
COUNTRY: USA 
POSTAL CODE: 78229 

(i) APPLICANT: 

NA^RHONE-POULENC RORER PHARMACEUTICALS INC , 

^iklet: 500 Areola Road 

CITY: Collegeville 

STATE: Pennsylvania 

COUNTRY: USA 

POSTAL CODE: 19426 

(i) APPLICANT: 

NAME: DUNSTAN, Colin R 
STREET: 6359 Tally Gate 
CITY: San Antonio 
STATE: Texas 
COUNTRY: USA 
POSTAL CODE: 78240 

(i) APPLICANT: 

NAME: IZBICKA, Elzbieta 
STREET: 7738 Apple Green 
CITY: San Antonio 
STATE: Texas 
COUNTRY: USA 
POSTAL CODE: 78240 

(i) APPLICANT: 

NAME: MUNDY, Gregory R. 
STREET: 3719 Morgan's Creek 
CITY: San Antonio 
STATE: Texas 
COUNTRY: USA 
POSTAL CODE: 78230 

(i) APPLICANT: 

NAME: BURGESS, Wilson 
STREET: 13 Cedar Avenue 
CITY: Gaithersburg 
STATE: Maryland 
COUNTRY: USA 
POSTAL CODE: 20877 

(i) APPLICANT: 

NAME: JAYE, Michael C. 

STREET: 142 North Lynwood Avenue 

CITY: Glenside 

STATE: Pennsylvania 

COUNTRY: USA 

POSTAL CODE: 19038 
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(iii) NUMBER OF SEQUENCES: 2 

<iv) CORRESPONDENCE ADDRESS: 

Itl ^ ESSEE: ^ne-Poulenc Rorer Inc. 

(B) STREET: 500 Areola Road, 3C43 
1n < c ) CITY: Collegeville 

IU (D) STATE: PA 

(E) COUNTRY: USA 

(F) ZIP: 19426 

15 (v > COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: Macintosh 

(C) OPERATING SYSTEM: System 7 1 

(D) SOFTWARE : Word 5.0 (Patentln) 

20 < vi > CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: PCT 

(B) FILING DATE: 

(C) CLASSIFICATION: 

25 (vii) p RI0R APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/207 985 

(B) FILING DATE: 08-MAR-1994 

(viii) ATTORNEY/ AGENT INFORMATION- 
< A > NAME: Qoodman, Rosanne 

(B) REGISTRATION NUMBER: 32 534 

(C) REFERENCE / DOCKET NUMBEr': A1325-WO 

(ix) TELECOMMUNICATION INFORMATION * 

(A) TELEPHONE: (610) 454-3817 

(B) TELEFAX: (610) 454-3808 

4Q (2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 
4 g (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

50 (v) FRAGMENT TYPE: N-terminal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Gly Ser Arg Pro Gly Ala Gly Thr 
1 t; 



(2) INFORMATION FOR SEQ ID NO:2: 

®^ <i> SEQUENCE CHARACTERISTICS * 

(A) LENGTH: 7 amino acids 
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(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL : NO 

(v) FRAGMENT TYPE: N- terminal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Ala Ala Gly Ser He Thr 
1 5 
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the J££T " ^ ^ int6nded t0 bS ™ b * .etters patent of 



1 • A method of treating bone defects in a human or other animal 
5 uffenng , therefrom comprising administering thereto an amount of huZ 
fibroblast growth factor effective to stimulate bone growth. 



25 



FGF-1. 2 ' m6th0d ° f ° laim 1 Wh6rein Sa,d fibr0b,aSt 9r0wth factor is 

10 

3. The method of claim 2 wherein said FGF-1 is selected from th* 
group consisting of ECGF a, aFGF and ECGF 0. 

4. The method of claim 3 wherein said FGF-1 is ECGF a. 

5. The method of claim 3 wherein said FGF- 1 is ECGF p. 

6- The method of claim 3 wherein said FGF-1 is des 1-15 FGF-1. 
7. The method of claim 3 wherein said FGF-1 is des 1-21 FGF-1. 

.omn 8 ' , A meth ° d ° f trSatin9 oste °P or °sis in a human or other animal 

Tf&ZTT" 9 t0 " indiV, ' dUa ' in ^ ° f Said ~< - am unt 
of FGF-1 effective to stimulate bone growth. 



20 



30 



other JL.. " 9 dema ' P athol °9^' conditions in a human or 

other an ma. compnsmg administering to an individual in need of said 
treatment an amount of FGF-1 effective to stimulate bone growth. 

10. A pharmaceutical composition for the treatment of bone disorders 
compnsmg an effective bone cel. stimulatory amount of a proteinaceouT 
matena. setected from group consisting of ECGF a, aFGF and ECGF 7 

11. The pharmaceutics composition of claim 1 0 additionally 
35 comprising heparin. y 



WO 95/24211 2 5 

. PCT/US95/02847 



1 • A method of treating bone defects in a human or other animal 
5 suffering therefrom comprising administering thereto an amount of human 
fibroblast growth factor effective to stimulate periosteal bone growth. 



10 
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2. The method of claim 1 wherein said fibroblast growth factor is 

FGF-1. 



3. The method of claim 2 wherein said FGF-1 is selected from the 
group consisting of ECGF a, aFGF and ECGF p. 

4. The method of claim 3 wherein said FGF-1 is ECGF a. 

5. The method of claim 3 wherein said FGF-1 is ECGF p. 

6. The method of claim 3 wherein said FGF-1 is des 1-15 FGF-1. 

7. The method of claim 3 wherein said FGF-1 is des 1 -21 FGF-1 



8. A method of treating osteoporosis in a human or other animal 
comprising administering to an individual in need of said treatment an amount 
of FGF-1 effective to stimulate periosteal bone arowth 

25 

9. A method of treating dental pathological conditions in a human or 
other animal comprising administering to an individual in need of said 
treatment an amount of FGF-1 effective to stimulate periosteal bone growth. 

30 1 0. A pharmaceutical composition for the treatment of bone disorders 

comprising an effective periosteal bone cell stimulatory amount of a 
proteinaceous material selected from group consisting of ECGF a, aFGF and 
ECGF p. 
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11. The pharmaceutical composition of claim 1 0 additionally 
comprising heparin. 



AMENDED SHEET (ARTICLE 19) 
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STATEMENT UNDER ARTICLE 19 

The claims have been amended to recite periosteal bone growth. 
Support for the amendment is found on page 4, line 23 of the specification. 
These amendments are supported by the description as originally filed; no 
new matter has been added. Applicants respectfully submit that none of the 
references cited in the international search report teach or suggest FGF 
mediated stimulation of periosteal bone growth as claimed. 



INTERNATIONAL SEARCH REPORT 
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